Background: Alternative splicing commonly occurs in cancer cells and many cancer specific splice variants have been reported as potential candidate biomarkers of the disease. We have studied human tissue Kallikrein 7 (KLK7) mRNA expression profile in breast cancer patients of our region. KLK7 is member of a multi-gene family consisting of 15 members (KLK1-KLK15).
Background
Alternative splicing is a way to produce functionally diverse proteins from a single gene [1, 2] . It occurs in a variety of biological processes including developmental, physiological and pathogenic pathways [3] . According to one estimate at least 15% of the genetic diseases are the outcome of defective pre-mRNA splicing and alternative splicing is a common phenomenon occurring in cancer cells. Various cancer-specific splice variants have been proposed as potential biomarkers of cancer [4] [5] [6] .
Human tissue Kallikreins (KLKs) is a multigene family consisting of 15 members which encode serine proteases. All KLKs are known to produce alternative transcripts through the use of alternative, transcriptional start site, polyadenylation and splicing. Browsing of the Genbank database revealed that KLKs have 82 reported transcripts and 49 (~27% of 82) are the outcome of alternative splicing. Some of the splice variants are tissue, developmental stage, stimulus or disease specific. Few KLK splice variants help in cancer diagnosis and prognosis [7] [8] [9] and can be used as potential biomarkers of cancer [10, 11] . Future work in this area will be particularly helpful to find more useful diagnostic and prognostic biomarkers [12] .
KLK7 is a member of KLKs family and is known to encode human stratum corneum chymotryptic enzyme (hSCCE of PRSS6) and expressed in a wide range of tissues [13] [14] [15] . According to GenBank, a total of 11 distinct transcripts have been reported for KLK7 (Table 1 and Fig. 1 ) and only three can be categorized as alternatively spliced transcripts/isoforms. KLK7 mRNA expression level has been quantified by RT-PCR in breast cancer tissues and reported to be a better prognostic marker for the unfavorable prognosis of breast carcinoma. KLK7 mRNA was significantly lowered in either stage I or stage II breast cancer patients and higher level of KLK7 mRNA was found to be associated with better prognosis [16, 17] .
Breast cancer is the second leading cause of death worldwide [18] . In Asia Pakistan has the highest prevalence of breast cancer. On the average about 40,000 women die per year due to this disease [19, 20] and one out of every nine women in Pakistan is at the risk of developing breast cancer [21] . Contrary to western females, Pakistani females suffer from the breast cancer at an early age having a higher risk of metastatic cancers and are presented with large lesions [22] .
Considering the importance of the issue and association of KLK7 mRNAs with breast cancer we hypothesized that based on genetic differences there can be certain new splice variants expressed in breast cancer (BC) patients of our region. The project was therefore initiated to evaluate the potential of KLK7 isoforms/variants as biomarkers of breast cancer in this region. This study is the first to report KLK7 isoforms/variants in patients of southern Punjab, Pakistan.
Methods
The study was approved by appropriate institutional technical committees including the departmental Ethics and Research Committee and by the Advanced Studies and Research Board (ASRB) of the Islamia University of Bahawalpur, Pakistan. Written Consent to participate in the study was taken on a prescribed form from all patients included in the study. The experimental work involving humans was in complete compliance with the Helsinki Declaration.
Mean age of patients was 47.32 ± 12.16 years (range 24-75 years) and majority of patients were suffering from infiltrating ductal carcinoma (53.20%). Total 118 breast tissue samples, 63 diseased and 55 normal samples were subjected to analysis. Normal tissues were carefully removed by a surgeon from regions away from area of cancerization. However, in case of 8 patients due to the involvement of whole breast it was not possible to obtain normal tissue. Following the instructions of manufacturers tissue samples submerged in RNAlater R were transported from hospital to laboratory, incubated overnight at 2-8°C followed by the removal of tissues from RNAlater R and storage at -70°C.
Extraction and quantification of RNA
Tissue samples were processed for the extraction of total RNA using Norgen Biotek corporation 'total RNA purification kit' (Catalogue No. 17200). RNA was quantified by measuring absorbance (A) at 260 nm and purity of RNA was checked by measuring the ratio of A260/280. RNA samples having A260/280 ratio between 1.8-2.1 were further subjected to PCR amplifications.
cDNA synthesis cDNA was synthesized by reverse transcription using M-MLV (Moloney Murine Leukemia Virus) reverse transcriptase (Invitrogen, catalogue no. 28025-013). Reverse transcription was carried out in a reaction mixture of 20 μl. Initially RNA solution containing 3 μg RNA, 1.5 μl of 20 μM poly dT primer (1.5 μM), 1 μl of 10 mM dNTPs mix (0.5 mM) were mixed in 0.2 ml PCR tube placed on ice. Total volume was adjusted to 12.5 μl with nucleases free H 2 O, if required. Mixture was heated at 65°C for 5 min and quickly chilled on ice. After cooling the contents of tube were collected by brief centrifugation. It was followed by addition of 6.5 μl RT mix containing 4 μl of 5× first strand buffer (supplied by Invitrogen with M-MLV reverse transcriptase), 2 μl 0.1 MDTT (10 mM) and 0.5 μl nucleases free H 2 O. Contents of tubes were gently mixed by pipetting and incubated at 37°C for 2 min. Finally 1 μl (200 units) M-MLV reverse transcriptase (M-MLV RT) was added to the reaction mixture, contents were gently mixed by 
pipetting up and down and incubated at 37°C for 50 min. After 50 min of incubation at 37°C M-MLV RT was inactivated by heating at 70°C for 15 min and the reaction mixture was stored at either 4°C (for short term storage) or -70°C for long term storage.
Designing/selection of primers for PCR amplification
Primers for PCR amplification of KLK7 and β-actin (used as internal control) cDNAs were selected from a list of possible suitable primers predicted by the primer prediction software Primer Premier 6.0. Amplification of cDNA corresponding to full length KLK7 mRNA was main criteria used for primer selection. Since nested PCR protocol was used during the present study two pairs of primers were used for KLK7 mRNAs expression studies. One pair to amplify exon 1 through exon 6 and second pair to amplify exon 2 through exon 6 region of KLK7 cDNAs (Table 2) .
PCR method used for KLK7 and β-actin amplification
For PCR amplification of KLK7 we optimized touch down (TD)-nested PCR method. To check the integrity of RNA and normalize expression of KLK7, β-actin gene was used as internal control. Touch down PCR (TD-PCR) is relatively simple and rapid method with enhanced sensitivity, specificity and yield of amplification.
In this technique annealing temperature is initially kept above the melting temperature of primers being used for amplification and then over the course of successive cycles transitions are progressively made to a lower annealing temperature. TD PCR is better employed to amplify transcripts which are difficult to amplify. Moreover, TD-PCR is helpful for rapid optimization of PCR conditions avoiding lengthy experimentation for optimization [23] . In nested PCR 2 sets of primers are used and PCR amplification is done in two successive runs of PCR. First run of PCR is carried out using one set of primers and during second run second set of primer is used which hybridizes or targets regions within the first run product [24, 25] . To amplify cDNAs corresponding to KLK7 mRNAs we combined TD-PCR with nested PCR technique to enhance chances of amplification. First round of PCR was performed using gene specific primers F1 and R1 and second round was carried out by employing primers F2 and R2 targeting the region within the amplified product of 1st round. Constitutive splicing of KLK7 pre-mRNAs resulted in the production of 697 bp PCR amplified product.
Touch down-nested PCR for KLK7 cDNAs amplification
In the first round of PCR 5 μL of RT-mixture was taken in a 0.2 ml PCR tube and 20 μL of PCR master mixture Thermal cycler was programmed to run 5 segments. Segment 1 consisted of heating of PCR reaction at 95°C for 5 min. Segment 2 comprised of 3 PCR steps (i.e., denaturation at 94°C for 30 s, annealing at 63°C for 1 min, and extension at 72°C for 1 min). Segment 2 was iterated for 10 cycles with a decrement of 1°C in annealing temperature, starting from 63°C (~10°C above Tm) and ending up at 54°C. Segment 2 was followed by segment 3 which also consisted of 20 cycles of 3 PCR steps (i.e., 94°C for 30 s, 54°C for 1 min, and 72°C for 1 min). Segment 4 included final amplification step at 72°C for 15 min. Finally the reaction was held at 4°C (segment 5) and proceeded for 2nd round of PCR.
For 2nd round of PCR, master mix was prepared by mixing the same volume of different components as in 1st round of PCR except that 14.25 μL Nucleases free H 2 O was added instead of 12.75 μL to get a total volume of 22.5 μL and primers F1R1 were replaced with primers F2R2. To this PCR master mix 2.5 μL of 1st round PCR mix was added and tube was placed in thermal cycler which was programmed for segment 1: 94°C for 10 min, segment 2: 25 cycles of 3 PCR steps (94°C for 30 s, 55°C for 1 min and 72°C for 1 min) along with final amplification at 72°C for 15 min (segment 3). Reaction was finally held at 4°C (segment 4) and 5 μL of 2nd round PCR reaction was loaded on 2% agarose gel to resolve amplified PCR products.
PCR method used for β-actin amplification
To amplify β-actin cDNA 2.5 μL of RT, 22.5 μL of PCR master mixture containing 1X PCR buffer (without MgCl 2 ), 200 μM dNTPs, 2 mM MgCl 2 , 20 pmoles of each primer, 1.25 U of Taq DNA polymerase and Nucleases free H 2 O were mixed to make total volume of 25 μL. PCR reaction mixture was held at 95°C for 5 min followed by 30 cycles of 3 PCR steps (step1: 94°C for 30 s, step 2: 51°C for 1 min, step 3: 72°C for 1 min) and final amplification step (72°C for 15 min). Reaction was finally held at 4°C (segment 4) till further processing.
Sequencing of PCR amplified products
PCR amplified products were resolved on 2% gels. Amplified products were cut from the gel and sent for sequencing to Macrogen Incorporation, Seoul, Korea. Sequences obtained were aligned against KLK7 genomic sequences retrieved from GenBank database and mRNA sequences were deduced.
Bioinformatics analysis
Bioinformatics analysis was performed using online databases and analysis tools. To reduce chances of false positive and false negative results two precautionary measurements were made during the study. First, we performed visual inspection followed by computational analysis and second, in most of the cases we used multiple softwares.
Retrieval of genes and transcript sequences
Sequences of the genes and reported transcripts were retrieved from NCBI 'gene' (http://www.ncbi.nlm.nih.gov/ gene) and nucleotide (http://www.ncbi.nlm.nih.gov/nucleotide) databases and analyzed using different bioinformatics application packages (Table 3 ). This information was used to build corresponding pre-mRNAs by inserting intronic sequences at the junction site between the exonic regions.
Molecular weights, theoretical pI of the predicted proteins were calculated using ExPASY 'Compute pI/MW tool'. For predicting sub-cellular localization of proteins softberry tool 'ProtComp v. 9.0' was employed. Three dimensional structures of proteins were modeled using 'Phyre 2' which also helped to determine homology index of proteins.
KLK7 mRNAs sequences being expressed in the breast tissues used during the present study were submitted to GenBank database (Accession numbers KF963189-KF963193). The data has been made available online (https://www.ncbi.nlm.nih.gov/gene/5650).
Sequence alignment, transcript analysis and identification of SNPs
Similarities or differences between the KLK7 mRNAs being expressed in breast cancer tissues and already known constitutively spliced mRNAs were deduced through sequence alignment using EMBOSS Pairwise Alignment Algorithms. Transcripts having variations at the internal sequences were designated as alternatively spliced isoforms. Pairwise needle alignment also helped to identify existing SNPs, if any. Deduced pre-mRNAs were subjected to splice site prediction and analysis tools ( Table 3 ) and distribution of exonic/intronic splicing enhancer (ESE/ISE) and exonic/intronic splicing silencer sequences (ESS/ISS) were determined using ESE (Exonic Splicing Enhancer) and HSF (Human Splicing finder) softwares.
Prediction of protein products
On the basis of earlier known information protein coding sequences of mRNAs were marked and translated into protein sequences using software 'Translator' which can potentially convert mRNA sequences into proteins. Proteins encoded by known constitutively spliced mRNAs of corresponding genes were taken as reference proteins. All best possible frames of proteins encoded by the mRNAs being expressed in breast cancer tissues were aligned using EMBOSS pairwise alignment algorithms to the reference protein isoforms to know the extent of homology between proteins encoded by already reported mRNAs and mRNAs being expressed in breast cancer patients included in the present study.
Results
Total 118 breast tissue samples, 63 diseased and 55 normal samples were subjected to analysis. Surgeon carefully removed normal tissues in 55 patients from region away from area of cancerization. However, in case of 8 patients due to the involvement of whole breast it was not possible to obtain normal tissue. Only 6 (3 normal, 2 cancerous and 1 benign) of 118 samples showed PCR amplification when amplified using KLK7 specific primers. Hence the mRNA positivity ratio observed in our patients was even lower than that has been reported earlier [17] . We noticed expression of 3 different types of KLK7 transcripts (~700,~300 and~200 bp) in breast cancer patients of our study (Fig. 2) . PCR amplified products resolved on agarose gel were named as SER1-SER5. To deduce KLK7 mRNAs sequences of the amplified products were aligned against KLK7 gene's sequence (GenBank Accession no. NC_000019.10). Results of alignment analysis indicated expression of both constitutive and alternatively spliced mRNAs in different breast cancer tissues (Fig. 2 and Table 4 ). Constitutively spliced mRNAs (SER1-SER3, SER5) were detected in 3 tissues (6 N, 18 N and 18C). However, two breast tissues (16 N and 29 N) exhibited expression of alternatively spliced KLK7 mRNA (SER4) and in only one breast tissue (16C) both the constitutive and the alternative types of KLK7 Fig. 3 and Table 5 ).
Analysis of constitutively spliced KLK7 mRNAs
For identification of splicing scheme already known constitutive splicing scheme was used as reference (Fig. 4) . Out of 4 constitutively spliced KLK7 mRNA expressed in breast cancer patients of our study only one mRNA (SER1) was exactly similar to the already known constitutively spliced mRNA (NM_005046.2) taken as standard (Figs. 3 and 4) . However, other 3 constitutively spliced mRNAs contained single nucleotide polymorphisms (SNPs).
Predicted encoded proteins
Predicted protein encoded by mRNA1/NM_005046.2 was taken as reference protein isoform. Using already reported information about protein coding region of KLK7 mRNA (last 73 nucleotides of E2, E3, E4 and 156 nucleotides of E5), encoded protein sequences were deduced 
Indicates SNPs acids of SER3 (244-253). Similarly frame 2 of SER5 exhibited significant alignment (65-253) with the reference protein. Partial alignment was observed in SER5 frame 2 but no alignment was seen in case of frame 3 (data not shown). Moreover, multiple premature termination codons were present in frame 1 and 3 of SER 2, 3 and 5 hence short polypeptides would be the translational products. Three dimensional structure of the protein encoded by SER1 was similar to that of the reference protein (the one encoded by NM_005046.2). However, proteins encoded by SER2 and SER3 were noticed to have three dimensional structures resembling to mannan-binding lectin serine protease1 (Fig. 5) . Although both have been categorized as hydrolase, the amino acid sequence and structure was entirely different from hK7. Similarly SER5 encoded protein structure has been found to be closely related with prophenoloxidase activating factor. Theoretical pI (isoelectric point) of proteins ranged from 8.17 to 9.49 (Table 7 ) and all proteins have been predicted to be secretory ones although trace amounts can be present in other organelles (Additional file 1: Table S2 ).
Three alternative transcripts of KLK7 expressed in normal (SER5) and cancerous breast tissues (SER2-3) were noticed to exhibit SNPs in protein coding regions (Table 6 ). Although sequences of the predicted proteins were found to have considerable homology with the reference protein (hK7), the SNPs appear to generate great variations in pI, structure and molecular weights of the encoded proteins (Table 7) . Structures of SER2 and SER3 encoded proteins diverge from hK7 and resemble with mannan-lectin serine protease 1 (Fig. 5) . Structure of SER5 encoded protein resembled more with plasminogen than hK7.
Analysis of alternatively spliced KLK7 mRNAs
A new splice variant (SER4; KF963192) is being reported that has been found to be expressed in breast tissues. Repetitions of the cDNA synthesis / PCR amplifications consistently resulted in the production of this variant. As for as the mechanism is concerned this transcript has originated by the combination of three splicing events including 3′ truncation of E3, 5′ truncation of E5 and exclusion of E4. However, earlier known splicing events have been identified as exclusion of either E2 or E3 (Table 8 , Fig. 6 ). To understand and justify the nature of splicing event, it was essential to know the nature/strength of splice sites and other contributing factors like distribution frequency of splicing enhancer and silencer motifs.
The 5′ and 3'splice sites of E3a, E3b, E4, E5a, and E5b were subjected to analysis using various bioinformatics tools. Higher score of splice site is the indicator of better match with the consensus/known sequence of splice sites. Data has been summarized in Additional file 1: Table S3 and S4.
The 3'ss (3′ splice site) of E5a (score = 8.145) was observed to be stronger than the 3'ss of E4 (score: 7.388). The presence of upstream 3'ss of E3 (E3b: 1981-2004) and downstream 5'ss of E5 (E5b: 4004-4107) was not supported by any software used for analysis. Upstream 3'ss of E3 is the one that has been reported earlier and downstream 3'ss of E3 used in the splice variant of our study is the unique and has not been reported by any other study. Upstream 5'ss of E3 was not predicted using default threshold values for splice site strength and it was only predicted when threshold value was lowered to 1 and strength of the splice site (E3b: score 2.384) was too low as compared to the splice site used during constitutive splicing (E3a: score 7.986). Similarly the presence of downstream 3'ss of E5 (E5b: 4004-4107) was not predicted by the analysis tools however, another 3'ss (4008-4107) is predicted to be present 5 nucleotides downstream to this splice site. Thus the splicing event of SER4 cannot be justified on the basis of this information.
To explore this aspect alternatively spliced exonic sequences (E3a, E4 and E5a) were analyzed to determine the presence of ESEs/ISEs (SF2/ASF (IgM-BRCA1), SF2/ ASF, SC35, SRp40, SRp55, Tra2-β and 9G8) and ESSs/ ISSs (Fas, hnRNPA1, Sironi motif 1, 2, and 3). Results indicated highest distribution frequency of all studied ESEs except SRp40 in E3a (Figs. 7) . E4 was noticed to have the highest distribution frequency of SRp40 among the Fig. 4 Constitutive splicing scheme of KLK7 mRNAs deduced by aligning largest size KLK7 mRNA (NM_005046.2) available in GenBank database with KLK7 gene. Sequences were retrieved from GenBank. The transcript is drawn in the 5′ -3′ direction three constitutively spliced exons of KLK7. For all other ESEs E4 occupies central position among analyzed exons with the exception of Tra2-β and 9G8 motifs which were noticed to have the lowest distribution frequency in E4. Similarly E3a had the highest distribution frequency of all studied ESSs (Fig. 8) , whereas E4 contained the lowest distribution frequency of all studied ESSs except hnRNPA1 binding motif that had the lowest occurrence in E5a.
Protein sequence (Additional file 1: Table S1 ) deduced from the alternatively spliced mRNA of KLK7 (SER4; KF963192) was subjected to needle alignment against hK7 protein encoded by NM_005046.2 taken as reference/standard. Results of alignment studies revealed that the protein encoded by SER4 had two perfect regions of alignments including 1-31 and 32-118 amino acids aligned with 1-31 and 67-253 amino acids of reference protein (data not shown).
To have an account of homology between proteins encoded by alternatively spliced isoform expressed in breast cancer tissues during the present study (SER4) and proteins encoded by already reported splice variants (AF411215.1, AY646152.1 and AK295313.1) protein alignment studies were conducted. Results have indicated that crystal structure of human kallikrein 7 in complex with suc-2 ala-ala-pro-phe-chloromethylketone; SER2 & SER3 PDB Title: mannan-binbind binding lectin serine protease 1, structure of a protease NM_005046.2 PDB Title: crystal structure of human kallikrein 7 in complex with suc-2 ala-ala-pro-phe-chloromethylketone; SER4 PDB Title plasminogen; the x-ray crystal structure of full-length type ii human plasminogen; SER5 PDBTitle: crystal structure of prophenoloxidase activating factor-ii from the2 beetle holotrichia diomphalia the region consisting of 32-118 amino acids encoded by SER4 was directly aligned to the region 142-228 (AF411215.1) and 117-203 of AY646152.1 and AK295313.1. According to the protein structure prediction software (Phyre2) the predicted three dimensional structure of SER4/KF963192 encoded protein resembles with plasminogen rather than hK7 (Fig. 5) . Similarly theoretical pI was calculated to be 7.55 rather than theoretical pI of native hK7 isoform (8.82 ). Native/reference protein isoform of hK7 contained 253 amino acids but SER4 encoded protein consisted of 118 amino acids and accordingly its molecular weight varied (Fig. 5, Table 7 ). However, alternative splicing event did not seem to have any effect on sub-cellular localization of the protein.
Like native/reference hK7 isoform SER4 encoded protein has also been predicted to be predominantly extracellular (Additional file 1: Table S2 ) by protein location prediction software (ProtComp).
Discussion
During the present study KLK7 mRNA expression could be documented in only 6 out of 118 samples hence mRNA positivity ratio was lower than that has been reported earlier [17] . KLK7 mRNA expression was only detected in 6 samples (4 normal, 1 cancerous, & 1 Truncation of E 5 at 5'end by 33 nt benign breast disease patients). Hence it does not seem to be appropriate to relate down-regulated expression of KLK7 mRNA with various clinicopathological features. Similarly KLK7 mRNA expression level was not documented in normal breast tissues because none of the normal control consented to donate normal tissue. Keeping in view the fact that the tissue collected from patient apparently away from problematic region doesn't ensure absence of abnormality. Followed by the study presented in this manuscript to explore and ascertain the outcome of KLK7 mRNA's down-regulated expression we quantified KLK7 protein (hK7) in the sera of breast cancer, benign breast disease patients and normal controls. Comparison indicated that hK7 level significantly goes down in breast cancer and benign breast disease patients as compared to normal controls. Statistical significance level (p-value) was calculated and correlation of hK7 down-regulation with various clinicopathological features was determined. Data has been accepted for publication somewhere else.
Although, the protein encoded by unexpected splice variant SER4/KF963192 has considerable homology with the reference protein, it will be a truncated protein.
Moreover, due to the exclusion of E4 and truncation of E3 at 3'end, encoded protein molecule seems to be lacking the conventional aspartic acid (encoded by E4) and histidine residue (encoded by 3′ end of E3) of histidine: aspartic acid: serine catalytic triad which is the characteristic feature of serine proteases. 3D structure prediction has further confirmed that the possible 3D structure of encoded protein molecule resembles with plasminogen ( Fig. 5 ) rather than KLK7 protein (i.e., hK7). SNPs observed in breast cancer patients of our study are entirely different from the previously reported KLK7 transcripts and are being reported for the first time.
Using nested set of primers F1, F2, R1 & R2 five potential candidate transcripts lacking either exon 1 or 2 ( Fig. 1) were missed. We also tried using primers targeting other exonic regions like 2, 3 & 4 but could not observe any positive PCR results (data not shown in the manuscript). Integrity of RNA was ensured through amplification of positive control, β-actin.
It is possible that genetic mutations might have resulted in the creation of new and stronger splice sites at the position of E3b and E5b and hence these splice sites would have been preferred. Another reason can be the involvement of ESEs/ISEs, ESSs/ISSs and trans-acting proteins which are known to favor selection of one splice site over other and regulate splicing pattern [26] [27] [28] . To better understand the mechanism underlying aberrant expression and alternative splicing pattern of KLK7 sequence of KLK7 gene must be known. Hence, it is essential to isolate and sequence KLK7 gene of breast cancer tissues used in our study. The predicted pre-mRNAs were developed by combining exonic sequences determined during the present study and intronic sequences already reported in the literature. We hypothesize that KLK7 genes in our study subjects might have variations in the intronic sequences that may influence splicing pattern. Hence it is not possible to justify the splicing event of SER4 solely on the basis of the distribution frequency of splicing enhancer and silencer motifs determined in the present study. Moreover, distribution of the trans-acting factor also contributes towards the regulation of splicing pattern and we are not aware about distribution of trans-acting proteins in breast tissues of our study. Further work is in progress in our lab regarding mechanistic details of the splicing mechanism.
Conclusions
To the best of our knowledge this study is the first to report expression of a new alternatively spliced variant of KLK7 (SER4; KF963192) in 02 patients, one suffering from mammary dysplasia and other suffering from invasive ductal carcinoma grade II. Alternatively spliced variant is a novel variant because it is generated by the combined effect of three splicing events including exclusion of E4 and truncations of the flanking exons E3 and E5 at 3′ and 5′ ends, respectively. Simultaneous exclusion of multiple adjacent exons has already been reported in mouse intercellular cell adhesion molecule 1 (ICAM-1) gene [29] but the splicing event that has been observed in case of KLK7 mRNA4 is unique because such splicing scheme has not been reported earlier. It may be population specific or disease specific variant but at present data is not sufficient to conclude about this aspect. There is need to further explore the role of this unexpected splice variant in pathobiology of mammary dysplasia. KLK7 expression is down-regulated in most of the cancerous and benign breast disease patients. KLK7 isoforms or variants cannot be significantly correlated with breast cancer because KLK7 mRNA expression could only be detected in 5% of analyzed samples. According to data presented in Table 5 and Table 8 , only 6 breast tissues (3 normal, 2 cancerous and 1 benign) were found positive for KLK7 expression. This observation implies the role of some epigenetic mechanism or transcriptional level control that maintains down-regulation of KLK7. There is need to explore underlying mechanism and identify factors that contribute towards downregulation of KLK7 in breast cancer and benign breast disease patients.
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Additional file 1: Table S1 . Predicted sequences of proteins encoded by constitutively spliced KLK7 mRNAs expressed in breast cancer tissues. Table S2 . Probable sub-cellular localization of the predicted proteins encoded by KLK7 mRNAs r patients. 
